Abstract: 1) Background: Although many studies have supported the efficacy of multi-sensory 1 environment (MSE) in reducing behavioral and psychological symptoms, and improving quality of 2 life for patients with disabilities and caregivers, these studies didn't offer how to identify a high-risk 3 candidate who would harm from MSE. Thus, this study was to propose a method to classify the 4 high-risk group of cardiac arrest during MSE interventions through the relation between QT and RR 5 intervals (QT-RR interval). 2) Methods: Eight disabled patients were participated in experiments 6 to experience the virtual aquarium for 15 min with a projector and music. The QT-RR relation was 7 measured by electrocardiography, then the risk was evaluated by computing the shortest distance 8 from the mean of QT-RR relation to the standard curve. 3) Results: It was found that the risk of 9 original cardiac arrest for the five patients was averagely 4.7 times higher than that for the three 10 patients. It was considered that the five patients with higher risk came from the 0.6 times slower QT 
In order to increase the comfort of all disabled patients during the experiment, a caregiver who 79 was familiar with a patient was always with them. The caregiver also wrote down the condition of his 80 or her patient based on caregivers' eyes [1] . All of the experiments were performed in the National
81
Hospital Organization NARA medical center in Japan in order to prepare the emergency situation. sitting on his own wheelchair. In this study, the room of virtual aquarium consisted of the projector 85 and music was prepared by some volunteers in EPSON Japanese company [16] . For a long duration, 86 they have been dedicating to give disabled patients the virtual aquarium as one kind of surprising 87 events. All subjects could see many kinds of marine organism and ocean scene, then touch the curtain 88 screen, and listen some music tuned with the prepared scene.
89
The electrocardiography (ECG) (ADInstruments PowerLab) was used for measuring RR and QT 90 intervals [17] . This system was the most powerful DAQ system with 16 analogue input channels, an 91 isolated amplifier such as Bio Amplifier and 2-lead ECG electrodes [18] . At the same time, the thermal 92 imager (Fluke Ti450 which was width × height = 320 × 240 resolution with the sampling frequency 93 of 60 Hz) and the infrared camera (NET COWBOY DC-NCR131 which was a 1.3-megapixel digital 
QT-RR relation

98
ECG is the process of recording the electrical activity of the heart over a period of time using 99 electrodes placed on the skin. These electrodes detect the tiny electrical changes on the skin that arise 100 from the heart muscle's electro-physiological pattern of depolarizing and repolarizing during each 101 heartbeat. Figure 2 shows a description of ECG of a heart in normal sinus rhythm.
102
The heart rate variability (HRV) time series is a series of consecutive heartbeat time intervals, that 
In this study, the long distance of d represents the higher risk, and the short represents the lower risk 154 under the heart condition. how the heart condition for all of subjects was changed during MSE interventions.
Results
163
All of subjects 1 ∼ 4 with MD had the clear R wave. However, the P wave for subject 2 was not 164 clear, although that for subjects 1, 3, and 4 was clear. The Q wave for subjects 2 and 3 was not observed, 165 compared with subjects 1 and 4. It was confirmed that the R wave for subject 2 had some fluctuation at 166 all times. Meanwhile, all of subjects 5 ∼ 8 with SMID did not have the clear R wave. The R wave for 167 subject 8 had serious fluctuation randomly. The wave of P, Q, and T for all subjects was not clear.
168
As a result, the poor heart condition for subject 2 with MD and all subjects 5 ∼ 8 with SMID 169 was confirmed. Furthermore, the weak and abnormal R wave for all subjects with SMID looked very 
183
For the results of subjects with MD for Phase 1, the QT-RR relation for 3 subjects 1, 3, and 4 was 184 existed near the standard curve. RR intervals for three subjects were the mean ± standard deviation
185
(SD) = 0.653 s ± 0.009 for subject 1, 0.926 s ± 0.025 for subject 3, and 0.787 s ± 0.044 for subject 4. QT 186 intervals were 0.329 s ± 0.016 for subject 1, 0.345 s ± 0.006 for subject 3, and 0.339 s ± 0.008 for subject 187 4. Because the standard curve meant the healthy heart condition, the heart condition for three subjects 188 could be healthy in terms of heart condition. However, the QT-RR relation for subject 2 was apart 189 from the standard curve. The RR interval was 1.250 s ± 0.042, and the QT interval was 0.267 s ± 0.011.
190
Compared with three subjects, the subject 2 showed 1.585 times faster RR and 0.790 times slower QT 191 intervals.
192
The risk of heart condition was evaluated by the Equation 4. The risk for three subjects was 0.021,
193
0.059, and 0.037, however, the risk for subject 2 was 0.199. Because the longer distance meant that the heart condition for any subject was worse, it was considered that the heart condition for subject 2 with 195 MD was 5.099 times worse than three subjects with MD.
196
For the results of subjects with SMID for Phase 1, the QT-RR relation for all subjects was apart 197 from the standard curve. RR intervals were 0.877 s ± 0.070 for subject 5, 0.820 s ± 0.027 for subject 6, 198 0.754 s ± 0.030 for subject 7, and 0.745 s ± 0.052 for subject 8. QT intervals were 0.194 s ± 0.017 for 199 subject 5, 0.173 s ± 0.017 for subject 6, 0.253 s ± 0.028 for subject 7, and 0.182 s ± 0.026 for subject 8.
200
Although all subjects with SMID showed similar RR intervals, QT intervals showed 0.593 times slower 201 than those for three subjects with MD.
202
The risk of heart condition for subjects with SMID was 0.197, 0.207, 0.115, and 0.184 through the
203
Equation 4. Although the mean value for three subjects with MD was 0.039, the mean value for all 204 subjects with SMID was 0.176. Thus, the risk for subjects with SMID was confirmed 4.497 times higher 205 than that for three subjects with MD. 
209
For the results of subjects with MD for Phase 2, the QT-RR relation for three subjects 1, 3, and 4
210
was existed near the standard curve. RR intervals for three subjects were 0.682 s ± 0.016 for subject 
219
The risk for three subjects was 0.029, 0.058, and 0.034, however, the risk for subject 2 was 0.200. It 220 was considered that the risk of heart condition for subject 2 with MD was 4.942 times higher than three 221 subjects with MD.
222
For the results of subjects with SMID for Phase 2, the QT-RR relation for all subjects was still apart 223 from the standard curve. RR intervals were 0.837 s ± 0.054 for subject 5, 0.844 s ± 0.102 for subject 6, 224 0.755 s ± 0.075 for subject 7, and 0.755 s ± 0.052 for subject 8. QT intervals were 0.191 s ± 0.019 for 225 subject 5, 0.220 s ± 0.041 for subject 6, 0.230 s ± 0.016 for subject 7, and 0.188 s ± 0.028 for subject 8.
226
Although there was no big significant difference in RR intervals, QT intervals for subjects with SMID 227 showed 0.614 times slower than those for three subjects with MD during MSEs.
228
The risk of heart condition for subjects with SMID was 0.192, 0.166, 0.138, and 0.179. The mean 229 value for subjects with SMID (= 0.169) was 4.170 times higher than that for three subjects with MD.
230
Although there was no big difference in QT-RR relation, it seemed that the SD for both RR and QT
intervals got to be larger during MSEs as shown in Figures 4 (b) and (d).
232
As a result, it was found that the risk of original heart condition for subjects with SMID and 233 subject 2 with MD was averagely 4.677 times higher than that for three subjects with MD, although 234 there was no significant difference during MSEs. The cause of higher risk for subjects with SMID and 235 subject 2 with MD came from the 0.604 times slower QT interval than that for three subjects with MD 236 in this study. to decide whether the RR interval was low or high, it was considered that the QT interval for this 
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The experimental results of the present study suggested that the risk of original heart condition 294 for all patients with SMID and subject 2 with MD was averagely 4.677 times higher than that for 295 the three patients with MD. Unfortunately, the QT interval for all these subjects with the higher risk 296 was much lower than the general QT interval of 0.330 as shown in Figure 4 . That means that these 297 higher-risk candidates could be SQTS. The serious problem was that nobody of caregivers and family 298 knew the possibility of SQTS for these subjects with the higher risk at that time. 
Conclusions
